Patients with diabetes mellitus are more susceptible to tuberculosis (TB), and the clinical conditions of diabetic TB patients deteriorate faster than nondiabetic TB patients, but the immunological basis for this phenomenon is not understood clearly. Given the role of cell-mediated immunity (CMI) in providing protection against TB, we investigated whether CMI responses in diabetic TB patients are compromised. 
Introduction
Tuberculosis (TB) and diabetes are among the most important diseases of global concern. TB ranks among the top 10 causes of world mortality [1] . It is estimated that approximately one-third of the world's population is infected with Mycobacterium tuberculosis; 8 million people develop active disease, leading to about 2 million deaths each year [1] . With respect to diabetes, the statistics released by the World Health Organization and the International Diabetes Federation shows that the number of diabetics in the world is expected to increase from 194 million in 2003 to 330 million in 2030, with 75% diabetic patients living in developing countries [2] .
In addition to being two independent major global health problems of infectious and non-infectious nature, there is a strong association between TB and diabetes [3] . Patients with diabetes are more susceptible to bacterial infections, including pulmonary TB, and both types 1 and 2 diabetes are linked to TB [3] . The prevalence of TB is two to five times higher in diabetic patients than in non-diabetic patients and the disease is more aggressive in poorly controlled diabetes [4, 5, 6] . In diabetic patients, pulmonary TB may progress rapidly and thus a high index of suspicion is required [7] . Before the discovery of insulin a diagnosis of diabetes was a death sentence within 5 years, and the usual cause of that death was TB [3] . Although the frequent association of diabetes mellitus and TB has been observed for more than 2000
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It is now well established that cellular immune responses mediated by T cells and macrophages play the major role in defence against TB [8] . The few studies that investigated the cellular immunity in diabetic TB patients have shown that, compared to non-diabetic TB patients, diabetic TB patients had depressed cellular immunity as evidenced by a decrease in the number of T cells and their ability to proliferate in vitro in response to antigenic stimuli using a T cell transformation test as indicator [9] . These immunological parameters became normal following successful therapies [9] . In addition, macrophage functions including bacterial phagocytic capacity, resistance to tubercle bacilli and T cell function in delayed type hypersensitivity, were also depressed in mice with experimentally induced diabetes [10] . These studies suggest that the functions of both T cells and macrophages are compromised in diabetes.
Resistance to mycobacterial infections is mediated largely by T helper type 1 (Th1) cells and their cytokines, whereas Th2 cells and their cytokines correlate with disease susceptibility and pathology in TB [11] [12] [13] [14] . In particular, the Th1 cytokine interferon (IFN)-g is considered a principal mediator of protective immunity against TB [11, 13] . Individuals with mutations in IFN-g receptors or IFN-g intracellular pathway components have experienced fatal disseminated mycobacterial infections during childhood [15] , and inclusion of aerosolized IFN-g in the treatment regimen of multi-drug-resistant pulmonary TB patients cured the disease [16] . In addition, the secretion of IFN-g in response to M. tuberculosis-specific region of difference (RD)1 antigens has been shown to have diagnostic significance [8, [17] [18] [19] . Moreover, Th1 cells also produce tumour necrosis factor (TNF)-b (lymphotoxin-alpha), a cytokine that is essential for the control of pulmonary TB [20] . TNF-b has a critical role in the activation of T cells and macrophages and local organization of the granulomatous response. On the other hand, the Th2 responses, characterized by the secretion of interleukin (IL)-4, IL-5 and IL-10, are associated with the lack of protection in TB [12, 13] . In particular, IL-10 is associated with reduced resistance and chronic progressive TB [14] . Furthermore, IL-10 deactivates macrophages and down-regulates the secretion of Th1 cytokines [14] , and some human populations exhibit increased expression of IL-10, which correlates with ineffective bacilli Calmette-Guérin (BCG) vaccination [21] . In addition, in vitro secretion of IL-4 in response to M. tuberculosis by CD8
+ and g/d T cells of health care workers was associated with the development of progressive TB within 2-4 years [22] .
In relation to diabetes mellitus, impaired host resistance against M. tuberculosis infection in diabetic mice is associated with reduced production of Th1-related cytokines IL-12 and IFN-g and impaired development of Th1 cells [23] . In humans, conflicting reports have appeared, which suggest no difference [24] , and lower [4] or higher production [25] of IFN-g by diabetic than non-diabetic TB patients. However, to our knowledge, a systematic analysis of cell-mediated immunity (CMI) responses in diabetic TB patients, and in particular the profile of Th1 and Th2 cytokines in response to M. tuberculosis-specific RD antigens, is lacking in the published literature.
In this study, to explore further the immunological mechanism of reduced resistance to TB in diabetic patients, we have studied CMI parameters that included in vitro cell proliferation and secretion of a battery of Th1 (IFN-g, IL-2, TNF-b), Th2 (IL-4, IL-5, IL-10) cytokines by peripheral blood mononuclear cells (PBMC) obtained from diabetic and non-diabetic pulmonary TB patients and M. bovis BCG-vaccinated healthy subjects. PBMC were cultured in the absence and presence of complex mycobacterial antigens (whole-cell M. bovis BCG and whole cells, culture filtrate and cell walls of M. tuberculosis), and pools of synthetic peptides corresponding to M. tuberculosis-specific open reading frames (ORFs) of RD1, RD4, RD6 and RD10 that are deleted in all vaccine strains of M. bovis BCG [26, 27] . The CMI responses were determined by evaluating antigen-induced cell proliferation and the secretion of Th1 (IFN-g, IL-2, TNF-b), Th2 (IL-4, IL-5, IL-10) cytokines and the responses were compared among the three groups of donors.
Materials and methods

Donor groups
Heparinized venous blood was collected from newly diagnosed and culture-confirmed non-diabetic pulmonary TB patients (n = 18) and those suffering from pulmonary TB and type II diabetes (n = 11) attending the Chest Diseases Hospital, Kuwait. In addition, buffy coats were obtained from M. bovis BCG-vaccinated and purified protein derivative (PPD)-positive healthy subjects (n = 20) donating blood at the Central Blood Bank, Kuwait. All the patients and healthy subjects were residing in Kuwait at the time of the study. The patients were diagnosed on the basis of clinical and radiological features and positive cultures for M. tuberculosis. TB patients were diagnosed for having diabetes mellitus based on two blood glucose measurements in accordance with World Health Organization (WHO) criteria. The diabetic patients had uncontrolled diabetes for a period of 1-10 years. In addition, quality of glycaemic control was assessed by measuring haemoglobin A1c (HbA1c) levels in the peripheral blood. Demographic data of the three study groups are detailed in Table 1 . The groups of healthy donors, non-diabetic TB patients and diabetic TB patients were all serologically negative for HIV infection. Informed consent was obtained from all the subjects and the study was approved by the Ethical Committee of the Faculty of Medicine, Kuwait University, Kuwait.
Complex antigens and synthetic peptides of M. tuberculosis
The complex mycobacterial antigens used in this study were irradiated whole cell M. tuberculosis H37Rv and M. bovis BCG [28] , and M. tuberculosis culture filtrate (MT-CF) and cell walls (MT-CW) (provided by J. T. Belisle, Fort Collins, CO, USA and produced under NIH contract HHSN266200400091C/ADB contract NO-AI40092, 'Tuberculosis Vaccine Testing and Research Materials Contract'). A total of 607 peptides (25-mers overlapping with neighbouring peptides by 10 aa) spanning the sequence of putative proteins encoded by genes in RD1, RD4, RD6 and RD10 genomic regions were designed based on the amino acid sequence deduced from the nucleotide sequence of the respective genes (Table 2 ). These peptides were synthesized commercially by Thermo Hybaid GmBH (Ulm, Germany) using fluonerylmethoxycarbonyl chemistry, as described previously [29] . The stock concentrations (5 mg/ml) of the peptides were prepared in normal saline (0·9%) by vigorous pipetting, and the working concentrations were prepared by further dilution in tissue culture medium RPMI-1640, as described previously [30] .
Isolation of PBMC and antigenic stimulation
PBMC were isolated from blood of TB patients and healthy subjects by flotation on Lymphoprep gradients using standard procedures [28, 29] . The cells were finally suspended in complete tissue culture medium [RPMI-1640 + 10% human AB serum + penicillin (100 U/ml) + streptomycin (100 mg/ml) + gentamycin (40 mg/ml) + fungizone (2·5 mg/ ml)] and counted in a Coulter Counter (Coulter Electronics Ltd, Luton, UK).
Antigenic stimulation of PBMC was performed according to standard procedures [28, 31] . In brief, 2 ¥ 10 5 PBMC suspended in 50 ml were seeded into the wells of 96-well tissue culture plates (Nunc, Roskilde, Denmark) and stimulated with complex mycobacterial antigens and peptide pools of RD1, RD4, RD6 and RD10, as described previously [31, 32] . The cells in the control wells were cultured in the absence of exogenously added mycobacterial antigens. The final volume of the culture wells was adjusted to 200 ml. The plates were incubated at 37°C in a humidified atmosphere containing 5% CO2 and 95% air. On day 6, culture supernatants (100 ml) were collected from each well and frozen at -70°C until used to determine cytokine concentrations. The remaining cultures were pulsed with 1 mci [ 3 H]-thymidine (Amersham Life Science, Amersham, UK) and harvested (Skatron Instruments As, Oslo, Norway) according to standard procedures [28, 29] .
Interpretation of proliferation results
The radioactivity incorporated was obtained as counts per minute (cpm). The average cpm was calculated from triplicate cultures stimulated with each antigen or peptide pool, as well as from triplicate wells of negative control cultures lacking antigen. The cell proliferation results were presented as stimulation index (SI), which is defined as follows: Sl = cpm in antigen or peptide-stimulated cultures/cpm in cultures lacking antigen or peptide. A patient was considered [27] . † ORFs designations for RD1 are according to Amoudy et al. [26] , whereas for other RDs, the ORF designations are according to Behr et al. [27] .
responder to a given antigen if the PBMC yielded SI Ն 3 [28] . Based on the median SI and percentages of responders in antigen-induced proliferation assays, the antigens were considered strong (median SI > 10 with > 70% responders), moderate (median SI > 3·0 but < 10 with 50-70% responders) or weak (median SI < 3·0 with < 50% responders) stimulators of PBMC.
Immunoassays for the quantification of cytokines
Supernatants (0·1 ml) from each well of 96-well plates were collected from the cultures of PBMC before [ 3 H]-thymidine pulse. The supernatants were kept frozen at -20°C until assayed for cytokine concentration using FlowCytomix kits (Bender Medsystems Inc., Vienna, Austria), which allows for the simultaneous quantification of several analytes in one sample using a low sample volume (25 ml), as described previously [31] . The cytokines tested included Th1 (IFN-g, IL-2, TNF-b) and Th2 (IL-4, IL-5, IL-10) cytokines. The test samples were analysed by flow cytometry using Coulter EPICS FC500 (Beckman Coulter Inc., Fullerton, CA, USA). For each analysis, up to 10 000 events were acquired. The mean concentration of each cytokine was expressed as pg/ml. By using the above kits, the minimum detectable concentrations of IL-2, IL-4, IL-5, IL-10, TNF-b and IFN-g were 8·9 pg/ml, 6·4 pg/ml, 5·3 pg/ ml, 6·9 pg/ml, 3·2 pg/ml and 7·0 pg/ml, respectively. In response to antigenic stimuli, experimental/control (E/C) values above 3 were considered a positive response [11] . E/C is the cytokine concentration in the supernatants of PBMC cultured in the presence of M. tuberculosis antigens/ cytokine concentration in the supernatants of PBMC cultured in the absence of M. tuberculosis antigens. The antigen-induced positive responses were considered weak, moderate and strong when E/C-values were > 3-5, > 5-10 and > 10, respectively [31] .
Statistical analysis
Statistical analyses were performed using SPSS 16·0 for Windows software package. The results of cytokine secretion were analysed statistically for significant differences between cultures of patients with TB and diabetes, patients with TB alone and healthy subjects using the non-parametric Mann-Whitney U-test. P-values of < 0·05 were considered significant.
Results
Antigen-induced proliferation of PBMC in response to complex mycobacterial antigens and RD peptides
All complex mycobacterial antigens were strong stimulators of PBMC proliferation, as indicated by high median SI in diabetic TB patients, non-diabetic TB patients and healthy subjects (median SI = 23-45, 13·5-76·5 and 15·6-29, respectively) and high percentage of responders (82-100%, 88-100% and 76-100%, respectively) ( Table 3 ). In response to RD peptides, the proliferation of PBMC from diabetic TB and non-diabetic TB patients was strong in response to RD1pool (median SI of 13 and 16·5, respectively, and 100% responders) whereas, in healthy subjects, RD1pool induced weak responses (median SI of 4·5 and 57% responders) ( Table 3 ). All other RD peptides (RD4pool, RD6pool and RD10pool) induced weak proliferation responses in all of the tested groups (Table 3 ). The statistical analysis showed that none of the complex mycobacterial antigens induced proliferation responses that were significantly different in TB patients than in healthy subjects (P > 0·05), whereas RD1pool induced significantly higher responses in both the diabetic and non-diabetic TB patients than in healthy subjects (P < 0·05). Furthermore, RD1-induced proliferation responses were significantly higher than the responses Table 3 . Antigen-induced proliferation of peripheral blood mononuclear cells of diabetic tuberculosis (TB) patients, non-diabetic TB patients and healthy subjects in response to complex mycobacterial antigens and peptide pools of regions of difference (RD1), RD4, RD6 and RD10.
Antigen
Diabetic TB patients Non-diabeticTB patients Healthy subjects induced by RD4pool, RD6pool and RD10pool in both the diabetic and non-diabetic TB patients (P < 0·05), but not the healthy subjects (P > 0·05) ( Table 3) .
Cytokine secretion by PBMC in the absence of mycobacterial antigens
Only PBMC of diabetic TB patients demonstrated spontaneous secretion of detectable levels of all the tested Th1, except for IL-2 (median concentrations: IFN-g = 48, TNFb = 35 and IL-2 < 8·9 pg/ml), and Th2 (median concentrations: IL-4 = 82, IL-5 = 95 and IL-10 = 29 pg/ml) cytokines (data not shown). However, compared to the other two groups, PBMC of diabetic TB patients produced significantly higher concentrations of IL-4 alone (P < 0·05) (data not shown).
Th1/Th2 cytokine secretion by PBMC stimulated with complex mycobacterial antigens and RD peptides
PBMC from all groups of subjects showed strong (E/C > 10) secretion of Th1 cytokine IFN-g in response to all the complex mycobacterial antigens with comparable concentrations in diabetic and non-diabetic TB patients (P > 0·05) ( Table 4 ). In response to RD peptides, only RD1pool induced strong IFN-g secretion by all the tested groups but the diabetic TB patients secreted significantly more IFN-g than non-diabetic TB patients and healthy subjects (P < 0·05) (Table 4) . However, the peptide pools of the other RDs induced significantly higher IFN-g by PBMC of diabetic TB patients than non-diabetic TB patients and healthy subjects (P < 0·05) ( Table 4) . Statistical analysis of the data showed that higher levels of IFN-g were induced by the RD1pool compared to the peptide pools of other RDs in both diabetic and non-diabetic TB patients (P < 0·05) ( Table 4) .
The results of quantification of other Th1 cytokines in the culture supernatants showed that none of the antigens induced secretion of IL-2 in any group of subjects tested (data not shown), whereas all the complex mycobacterial antigens induced the secretion of TNF-b (E/C Ն 3) by PBMC of all the groups, except for whole cells of M. bovis BCG and M. tuberculosis in the diabetic TB patients ( Table 5 ). The median concentrations of TNF-b in response to complex mycobacterial antigens in the tested groups of subjects were comparable (P > 0·05) (Table 5) , except for M. bovis BCG, which induced significantly less TNF-b in PBMC cultures of healthy subjects compared to the diabetic patients (median concentration n = 21 pg/ml and 90 pg/ml, respectively). However, the non-diabetic TB patients and healthy subjects showed higher values of E/C (9·4-20 and 4·6-21·5, respectively) than the diabetic TB patients (E/C = 1·5-6·4). Among the RD peptides, only RD1pool induced weak secretion of TNF-b by PBMC of diabetic and non-diabetic TB patients (E/C = 3·4, 4·4, respectively) but, as expected, none of the RD peptide pools induced positive responses in BCG-vaccinated healthy subjects (E/C < 3) ( Table 5) .
With respect to Th2 cytokines, none of the complex mycobacterial antigens and RD peptide pools induced the secretion of IL-4 and IL-5 by PBMC of all tested groups (E/C < 3, data not shown), whereas IL-10 was secreted in response to all complex mycobacterial antigens in the three groups of subjects, except MT-CF which did not induce IL-10 secretion in healthy subjects (E/C = 1·4) ( Table 6 ). Statistical analysis of the data showed that in response to M. bovis BCG, PBMC of diabetic TB patients secreted significantly higher concentrations of IL-10 than the non-diabetic TB patients and healthy subjects (P < 0·05) ( Table 6 ). In addition, the diabetic TB patients secreted significantly higher concentrations of IL-10 than the healthy subjects in response to whole cells of M. tuberculosis and MT-CW (P < 0·05) ( Table 5 ). In Table 4 . Interferon (IFN)-g secretion by peripheral blood mononuclear cells (PBMC) of diabetic tuberculosis (TB) patients, non-diabetic TB patients and healthy subjects in response to complex mycobacterial antigens and peptide pools of regions of difference (RD1), RD4, RD6 and RD10. response to RD peptide pools, RD1pool, RD4pool and RD10pool induced secretion of IL-10 by PBMC of diabetic patients only (E/C = 7, 4, 5·6, respectively), and the levels of IL-10 were significantly higher in all RD peptide pools in diabetic TB patients than in non-diabetic TB patients and healthy subjects (P < 0·05) ( Table 6 ).
Th1 : Th2 cytokine ratios
To determine Th1 versus Th2 cytokine bias in response to various mycobacterial antigens in the tested groups of subjects, Th1 : Th2 cytokine ratios were calculated and compared between groups ( Table 7) . The results showed that IFN-g : IL-4 ratios to all complex mycobacterial antigens and RD1pool were lower in diabetic TB patients compared to non-diabetic TB patient and healthy subjects (Table 7) . A similar observation was made regarding IFN-g : IL-5 and IFN-g : IL-10 ratios (Table 7) . Furthermore, and in general, ratios of TNF-b : IL-4, TNF-b : IL-5 and TNF-b : IL-10 to various antigens were also lower in the diabetic TB patients compared to the other two groups (Table 7) . A similar analysis for RD4pool, RD6pool and RD10pool was not possible because they were weak stimulators of Th1 and Th2 cytokines, as reported above. The overall analysis showed that Th1 : Th2 cytokine ratios were consistently lower in diabetic TB patients than non-diabetic TB patients and healthy subjects (Table 7) , thus suggesting a Th2 cytokine bias in diabetic TB patients.
Discussion
To understand the immunological mechanisms involved in increased pathogenesis of TB in diabetic patients, we have analysed CMI responses using PBMC from pulmonary TB 
*E/C: cytokine concentration in antigen stimulated cultures/cytokine concentration in cultures lacking antigen, and is considered positive if Ն 3 (shown in bold type).
† P < 0·05 when diabetic TB compared with non-diabetic TB patients; ‡ P < 0·05 when diabetic TB compared with healthy subjects; § P < 0·05 when non-diabetic TB compared with healthy subjects. BCG, bacille Calmette-Guérin; MT-CF, Mycobacterium tuberculosis culture filtrate;
MT-CW, M. tuberculosis cell walls. Table 6 . Interleukin (IL)-10 secretion by peripheral blood mononuclear cells (PBMC) of diabetic patients, non-diabetic tuberculosis (TB) patients and healthy subjects in response to complex mycobacterial antigens and peptide pools of regions of difference (RD1), RD4, RD6 and RD10.
Antigen
Concentration of IL-10 (pg/ml) in PBMC culture supernatants of Diabetic TB patients Non-diabetic TB patients Healthy subjects and IL-10) [11] [12] [13] [14] . A number of complex mycobacterial antigen preparations and peptides corresponding to M. tuberculosis-specific regions RD1, RD4, RD6 and RD10 were used, because they may induce immune responses that vary in type and magnitude based on antigenic differences [33] .
To study antigen-induced cellular responses the cultures were harvested on day 6, because previous studies have shown that this time period is optimal for mycobacterial antigen-induced cellular proliferation and cytokine responses, e.g. IFN-g, of human PBMC [31, 34] .
The results of antigen-induced cell proliferation studies showed that all the complex mycobacterial antigen preparations were strong stimulators of PBMC of diabetic and nondiabetic TB patients and M. bovis BCG-vaccinated healthy subjects (Table 3 ). These findings are in agreement with our recent study using various preparations of complex antigens of M. tuberculosis and defined secreted antigens of crossreactive nature, i.e. MPT59 and MPT64 [33] . However, among RD peptides, only RD1pool induced strong responses in diabetic and non-diabetic TB patients and moderate responses in M. bovis BCG-vaccinated healthy subjects (Table 3 ). These results suggest that diabetic and nondiabetic TB patients respond in a similar way to both crossreactive and specific antigens of M. tuberculosis, and only RD1 contains immunodominant antigens of M. tuberculosis. By using one of the antigens constituting the RD1 peptide pool, i.e. early secreted antigenic target 6 (ESAT6), we have shown previously that ESAT6 induces equally strong responses in diabetic and non-diabetic TB patients but weak responses in M. bovis BCG-vaccinated healthy subjects [33] , due most probably to latent TB [11, 28, 31, 36, 37] . The moderate responses observed to RD1pool in this study in M. bovis BCG-vaccinated healthy subjects could also have been due to the presence of Pro-Pro-Glu 68 (PPE68), because the sequence of the immunodominant peptide of PPE68 is also present in PPE-family proteins of M. bovis BCG [32, 35] . To study the profile of Th1 and Th2 cytokines, we first determined their spontaneous ex vivo secretion by PBMC, which implies prior in vivo stimulation, and thus represents cellspecific activity in the context of current infection [38, 39] . The results showed that PBMC of only diabetic TB patients spontaneously secreted detectable concentrations of Th1 (IFN-g and TNF-b) and Th2 cytokines (IL-4, IL-5 and IL-10), but the concentration of IL-4 alone was significantly higher in diabetic TB patients compared to non-diabetic TB patients and healthy subjects. The elevated IL-4 secretion may contribute to increased pathogenesis in diabetic TB patients because IL-4 impairs anti-microbial activity of infected cells, increases availability of iron to intracellular M. tuberculosis and drives pulmonary fibrosis, etc. [22] .
The present work also included studies to assess mycobacterial antigen-induced secretion of Th1 and Th2 cytokines by PBMC of various groups of subjects, which may be useful as early predictors of disease activity and contribute to the understanding of the disease pathogenesis [11] [12] [13] [14] . The *P < 0·05 when diabetic TB compared with non-diabetic TB patients; † P < 0·05 when diabetic TB compared with healthy subjects. ‡ P < 0·05 when non-diabetic TB compared with healthy subjects. IFN, interferon; IL, interleukin; TNF, tumour necrosis factor; MT-CF, Mycobacterium tuberculosis culture filtrate; MT-CW, M. tuberculosis cell walls.
results showed that among the Th1 cytokines studied, large quantities of IFN-g were secreted by PBMC of all groups tested in response to complex mycobacterial antigens, without statistical differences between the groups, except for significantly higher levels of IFN-g produced by diabetic patients, compared to healthy subjects, in response to M. bovis BCG (Table 4) . In response to RD peptides, i.e. RD1pool, RD4pool and RD6pool, significantly higher concentrations of IFN-g were secreted by PBMC of diabetic TB patients compared to non-diabetic TB patients and M. bovis BCGvaccinated healthy subjects (P < 0·05). However, strong responses (E/C Ն 10) were observed with RD1 only.
TNF-b was secreted by all groups in response to the complex mycobacterial antigens and/or RD1pool (Table 5) . However, in spite of positive antigen-induced proliferation responses to complex mycobacterial antigens and RD1pool, IL-2 was not detected in any of the antigen-stimulated cultures (data not shown). This could have been due to utilization of IL-2 by T cells proliferating in response to antigenic stimuli [40] . Thus, the overall results suggest that the increased pathogenesis observed in diabetic patients may not be due to decreased mycobacterial antigen-induced secretion of Th1 cytokines in these patients.
Among the Th2 cytokines, mycobacterial antigen-induced secretions of IL-4 and IL-5 were not observed in any group of subjects included in this study (data not shown), thus supporting previous observations reported for non-diabetic TB patients and healthy subjects [11, 31, 41] . However, in response to the complex mycobacterial antigens and/or RD peptide pools, significantly higher concentrations of IL-10 were secreted by PBMC of diabetic TB patients than nondiabetic TB patients and healthy subjects (Table 6 ). Despite the abundant production of Th1 cytokines, secretion of IL-10 interferes with their protective function [42] , and helps mycobacteria to survive intracellularly [43] . Therefore, our results suggest that, in spite of large quantities of IFN-g secretion in response to mycobacterial antigens, the elevated secretion of IL-10 may contribute to increased pathogenesis in diabetic TB patients.
Because Th1 and Th2 cytokines regulate the secretion of each other, their net biological effect can be evaluated more clearly by comparing the cytokine ratios [44] [45] [46] . A higher Th1/Th2 ratio indicates a protective type 1 cytokine bias, while a lower ratio suggests a bias towards pathological type 2 cytokines in TB [44] [45] [46] [47] [48] [49] [50] . In this study, we found that the overall Th1/Th2 cytokine ratios (IFN-g : IL-4, IFN-g : IL-5 and IFN-g : IL-10; and TNF-b : IL-4, TNF-b : IL-5 and TNFb : IL-10) were lower in the diabetic TB patients than nondiabetic TB patients and healthy subjects ( Table 7) . The lower Th1 : Th2 ratios may also contribute to hampered resistance to M. tuberculosis infection under diabetic conditions. This study is restricted to selected Th1 and Th2 cytokines; however, it should be stressed that the failure to eradicate M. tuberculosis probably involves sophisticated immune evasion strategies of the pathogen as well as the immune regulatory mechanisms of the host [51] . In the context of regulatory mechanisms, several subsets of regulatory T cells (Treg) have been identified such as IL-10 (Tr1) or TGF-b-secreting Treg (Th3) and CD4
+
CD25
+ forkhead box P3 (FoxP3) + Treg cells [22, 51, 52] . It has been shown that CD4
+ Treg cells capable of suppressing Th1 responses are present in high frequency in TB patients [52] . Furthermore, previous studies have shown a correlation of IL-4 antagonist IL-4d2 with protective immunity in TB by demonstrating high levels of IL-4d2 in healthy infected subjects compared to TB patients and increase in the levels of IL-4d2 after chemotherapy of TB patients [53] [54] [55] . Therefore, in future, studies may be carried out to determine the role of Treg cells and IL-4d2 in understanding the immunological mechanisms responsible for the increased pathogenesis of TB in diabetic patients.
